The effect of endogenous pancreatic glucagon on submaximal pentagastrin stimulated gastric acid secretion was studied by infusion of 1-arginine in patients with duodenal ulcer before and after parietal cell vagotomy without drainage (PCV). Preoperatively infusion of 1-arginine resulted in a marked inhibition of acid secretion, whereas no effect was found postoperatively. Plasma glucagon concentrations were identical pre-and postoperatively, fasting as well as during arginine infusion. Serum gastrin concentration rose after PCV but was unaffected by arginine infusion both pre-and postoperatively. The study demonstrates that intact vagal innervation of the fundic glands is a condition of inhibition of pentagastrin induced acid secretion by pancreatic glucagon released by infusion of 1-artinine.
Previous studies have suggested that pancreatic glucagon plays a part in the physiological inhibition of gastric acid secretion. ' Glucagon inhibition of gastrin stimulated acid secretion follows non-competitive kinetics,' but the nature of the inhibitory action is otherwise unknown.
There is strong evidence that inhibition of gastric acid secretion by intravenous infusion of 1-arginine is due to release of pancreatic glucagon, as the onset and duration of acid inhibition is synchronised with the rise in plasma glucagon concentration.'2 The only hormone besides glucagon known to be released by arginine is growth hormone. The effect on acid secretion of this hormone is unknown, but as the release of growth hormone is delayed as compared with glucagon,3 it does not coincide with the onset of acid inhibition. Furthermore, patients with acromegaly seem to have raised acid secretion.4
As no differences in the release of pancreatic glucagon by arginine or in the effect on acid secretion have been demonstrated between patients with duodenal ulcer and healthy subjects,2 the role of intact vagal innervation for acid inhibition by endogenous glucagon was investigated in patients with duodenal ulcer. The patients were examined before and after parietal cell vagotomy without drainage (PCV), as this type of vagotomy is unlikely to interfere with the release mechanisms of pancreatic glucagon.
Methods

PATIENTS
Twelve patients with duodenal ulcer, nine men and three women, median age 40 years (range 22-58 years) were studied. All gave informed consent.
The patients had well-documented chronic duodenal ulcer disease and a radiologically and endoscopically verified duodenal ulcer. None 
Results
Gastric acid secretion is shown in Fig. 1 and the Table. Pentagastrin in a submaximal dose (150 ng/kg/ min) significantly stimulated acid secretion pre-as well as postoperatively. Arginine infusion inhibited pentagastrin stimulated acid secretion significantly pre-operatively, but had no effect on acid secretion post-operatively. Pancreatic glucagon was released to the same degree pre-and postoperatively (Fig. 2) , and there was no differences in blood glucose concentrations (Fig. 3) .
Serum-gastrin concentrations were significantly higher postoperatively but were unaffected by arginine infusion both pre-and postoperatively (Fig. 4) .
Discussion
The present study shows that PCV eliminates the effect of endogenously released pancreatic glucagon on pentagastrin-stimulated acid secretion. PCV obviously interferes with the effect of glucagon on the parietal cells, as release of glucagon was unaltered as demonstrated by identical plasma concentrations pre-and postoperatively, fasting as well as during arginine infusion. The dose of pentagastrin used is submaximal in unoperated patients with duodenal ulcer10 and, as vagotomy is followed by a decreased sensitivity to pentagastrin,1' this dose will also, and to a greater extent, be submaximal postoperatively; this means that the lack of effect of endogenous glucagon on pentagastrin stimulated acid secretion could not be explained simply by altered competitive interaction. This is further supported by studies showing that glucagon-pentagastrin interaction is non-competitive in healthy subjects, and that exogenous glucagon in doses resulting in plasma concentrations equal to meal-stimulated concentrations markedly inhibited supramaximal pentagastrin (10 ,g/kg/h) stimulated acid secretion in healthy subiects.' Gastrin does not seem to be involved in this inhibitory mechanism, as serum-gastrin concentrations were unaltered by arginine infusion preand postoperatively. The increase in fasting serumgastrin after PCV was of the same magnitude as reported by others.'2 It could be argued that the parietal cells after PCV are subject to a more intense intrinsic gastrin stimulation than before. These gastrin concentrations are, however, unlikely to be of importance compared with the dose of pentagastrin infused, and, furthermore, it was shown in a previous study that pancreatic glucagon in a 'physiological' dose inhibited the effect on acid secretion of synthetic human gastrin I in doses resulting in serum-gastrin concentrations far above those found after PCV in the present study. ' The modest increase in blood glucose during arginine infusion can hardly affect vagal effect on acid secretion, as intravenous infusion of glucose in healthy subjects had no effect on pentagastrin stimulated acid secretion.13 The hypothesis could be advanced that pancreatic glucagon (or arginine) affects the local release of peptides or other transmitter substances from the vagus, a release which will not necessarily be reflected in raised plasma concentrations of these peptides. So far, however, there is no evidence for such a mechanism.
Recently, evidence was presented that somatostatin is a mediator of the enterogastrone effect of GIP.14 This does not seem to apply to glucagon, as studies in progress in our laboratory have shown that infusion of arginine decreases plasma somatostatin concentrations in duodenal ulcer patients both before and after PCV (four patients).
In conclusion, the study has demonstrated that the effect of endogenously released pancreatic glucagon on pentagastrin stimulated acid secretion is dependant on intact vagal innervation of the fundic glands. The mechanism of this vagus-glucagon interaction is obscure, but does not seem to involve gastrin or alterations in blood glucose. 
